.
Since one of us (J.N.C.) in 1953 recorded the results of electrophoresis on paper of the proteins of the cerebrospinal fluid and cerebral cyst fluids a number of other supporting media have been employed for this purpose. Some, such as starch, are valuable because of a higher resolving power and a greater ability to separate many of the protein components. The use of the polyacrylamide disc electrophoretic technique of Ornstein and Davis (1962) has been introduced recently and it offered a fresh opportunity to study cerebrospinal fluid and brain proteins by a method which appeared to possess certain advantages over other techniques. This paper records such a study and the results are compared with the findings of other workers using different techniques as well as that of Cunningham (1964) Fox, Thurman, and Boulter, 1963) .
The gels were stained with 1 % naphthalene black in 7 % acetic acid, and the excess stain removed by frequent washings in 7% acetic acid, or electrophoretically, both methods giving identical results.
Reproducibility was tested by putting up the same cerebrospinal fluid in many tubes at both the same concentration as well as at varying concentrations of protein content.
Sera were examined by the same technique after dilution in distilled water to give a protein concentration of 300 to 500 ,ug. per 0-5 ml. which was then used in a manner similar to that for cerebrospinal fluid. The sera were from the same patients from whom the cerebrospinal fluids were obtained.
Specimens of cerebral tissue were obtained at necropsy performed less than six hours after death. White matter and cortex were separated from different areas of the brain and the soluble cerebral proteins extracted with 0-3 M sucrose (Cumings, 1961) . The clear centrifuged extracts were diluted to give a final concentration of protein of 500 ,ug. per 0 5 ml. before use.
The gels were also stained for caeruloplasmin ussng p-phenylenediamine in acetate buffer (Uriel, 1958) and for the isoenzymes of lactate dehydrogenase (Yakulis, Gibson, and Heller, 1962) .
RESULTS
An illustration of actual results in serum and normal cerebrospinal fluid of one patient, the cerebrospinal fluid in a case of polyneuritis, and of cerebral white matter is given in Figure 1 .
Drawings to scale of all the individual discs were made but because variations of time, length of gel, and temperature alter the actual distance of travel of albumin from the origin it was considered desirable to reduce them all to a constant length. This distance was fixed as 100 mm. from the slowest Figure 2 . Table I records the results of the cerebrospinal fluid examination in the 30 control cases, in nine examples of multiple sclerosis, seven of polyneuritis, and 10 of cerebral tumour. Included in the table is the distance of travel, the frequency and the relative intensity (1 to 3) of each band, numbering them from albumin (1) to the least mobile y globulin (14) . Figure 3 is a drawing of one example of each of the cases recorded in Table 1 .
Recordings of disc electrophoresis of two control cerebrospinal fluids have been made and compared with those obtained by Cunningham (1964) and the results are exactly comparable.
The soluble cerebral proteins of the frontal, parietal, temporal, and occipital areas of two brains have been examined and in general the patterns of either white matter or cortex from each area have been similar, but those of white matter differ from those of the cortex. Some 15 separate bands in all areas were obtained.
The results obtained on polyacrylamide gel have been compared with those obtained by starch electrophoresis for normal sera, for normal cerebrospinal fluid (Kutt, McDowell, Chapman, Pert, and Hurwitz, 1960) , and for the soluble cerebral proteins (Cumings, 1961) . Figure 4 shows these findings, all the patterns having been drawn to the same scale.
Some general comments are necessary relating to these findings. Using different concentrations of protein in eight separate fluids there was complete (Smithies, 1955) .
The electrophoretic patterns of the cerebrospinal fluid from neurological diseases showed less variation from the normal than had been expected. (Table I and Fig. 1 cluerent banus remainea consLanL. t nis in partis due to the use of unconcentrated cerebrospinal fluid as was found previously by Cunningham (1964 (Lowenthal and Petre-Quadens, 1963) although it is simpler to make a comparison with starch electrophoresis of cerebrospinal fluid (Kutt et al., 1960) and the results obtained by Cunningham (1964 There were some differences in the patterns shown in electrophoresis of serum between starch and polyacrylamide as can be seen well illustrated in Fig. 4 , these being chiefly the absence of the faster oa globulin and the presence of more axf bands in starch as compared with polyacrylamide.
There is a striking difference in the fewer number of bands of y globulin in serum as compared with cerebrospinal fluid and this needs further investigation, while additional studies on soluble brain proteins with a comparison of the blood and cerebrospinal fluid protein patterns from the same patient may be of assistance in determining the possible site or source of origin of the cerebrospinal fluid y globulins.
The method of electrophoresis using polyacrylamide gel as described here has been found to be valuable in the study of body proteins, for the results are reproducible, permanent for they can be stored in small plastic containers, and there is a resolving power superior to any other method with the possible exception of starch gel. A further considerable advantage is that, especially with regard to the cerebrospinal fluid, no concentration is required or even desirable unless the total protein content is 20 mg. per 100 ml. or less. Enzymes such as lactate dehydrogenase as well as caeruloplasmin can be readily visualized. In this regard, however, it is not possible to solubilize or re-extract out of the gel these enzymes or the protein component as it is in starch electrophoresis (Cumings, 1961; 1962 There is some disagreement concerning the interpretation of the pherograms in pathological conditions. Many studies using agar have been undertaken to show a correlation between disease and protein pattern (Lowenthal and Petre-Quadens, 1963; Laterre, Heremans, and Demanet, 1962) . The experiments recorded here do not support this degree of close correlation more especially in multiple sclerosis, even though changes were found in polyneuritis, more especially an increase in a fast cx globulin (band 2). A similar pattern was noticed in cases of carcinomatosis and in a case of acute poliomyelitis, as was also found by Laterre et al. (1962) , while increases of y globulin were found in sarcoidosis and some tumour cases.
The finding in the soluble cerebral proteins of two or generally three pre-albumin fractions, and a total of some 15 bands is in general agreement with previous studies (Cumings, 1961; 1962) . Further study of such proteins in more cases with the application of various enzyme stains to such gels will be rewarding.
SUMMARY
Polyacrylamide disc electrophoresis has been performed on a series of 100 cerebrospinal fluids, from serum, and from sucrose extracts of cerebral tissue. A normal pattern is described together with the results obtained from the cerebrospinal fluid from cases of a number of different diseases.
A comparison between results from starch electrophoresis and the present technique is made together with comments relating to the lack of specific changes in some conditions, notably multiple sclerosis. Preliminary studies on the soluble cerebral proteins are mentioned and an indication given that both these and the unusually large number of y globulins present in the cerebrospinal fluid need further examination.
Enzyme localization has been shown to be possible.
